To report the incidence of genitourinary (GU) injuries in pelvic and acetabular (P + A) fractures, to investigate associations between P + A fractures and GU injury patterns, and, as a secondary objective, to evaluate prospectively P + A fracture referrals with regard to adherence to the British Orthopaedic Association Standards for Trauma (BOAST) guidelines over a 12-month period.
Introduction
Pelvic fracture is a high-energy injury and accounts for 5-16% of major trauma in the UK and the USA [1, 2] . These fractures are associated with solid and hollow organ soft tissue injury. Genitourinary (GU) injury is reported in 5-10% of patients with pelvic fracture [3, 4] , and is of particular interest because early identification and appropriate management can prevent significant long-term morbidity for patients and provide better quality-of-life outcomes [1] .
Genitourinary injuries include those to the scrotum/testis, penis, urethra, bladder, ureter and kidney. Bladder injuries range from contusions to intra-and extraperitoneal rupture [5] . An obturator fracture displacement of >1 cm is associated with an increased risk of bladder rupture [6] . Urethral injuries are classified as anterior and posterior, and range from partial to complete urethral rupture [7] . Urethral injuries are commonly associated with pubic symphysis disruption and pubic arch fractures. Widening of the symphysis (i.e. >1 cm) has a higher association with urethral injury [6] . Posterior urethral injuries are frequently associated with significant force and may be difficult to diagnose clinically [8] . In an extensive review of 5 518 patients with pelvic fractures, Johnsen et al. [3] observed that pubic arch fractures were present in 87% of patients with urethral injuries (n = 71), although only 1.5% of patients (24 of 1612 injuries) with pubic arch fractures had a urethral injury. The authors also noted that extraperitoneal bladder ruptures were more common in patients with pelvic fractures [3] . Acetabular fractures are caused by lateral compression forces and can be associated with renal injuries and retroperitoneal haematomas [9] . External injuries to the penis and scrotum include dislocations, tears, ruptures and fractures [7, 10, 11] . Long-term morbidities resulting from GU trauma include incontinence, urethral stricture disease and erectile dysfunction [12] [13] [14] [15] . The aim of the present study was to investigate the incidence of GU injuries in pelvic and acetabular (P + A) fractures and to investigate any relationship between pelvic fractures and GU injury patterns. Our secondary objective was to evaluate pelvic fracture referral patterns for adherence to the British Orthopaedic Association Standards for Trauma (BOAST) guidelines.
Methods

Study Design
A retrospective study was performed in a tertiary referral university hospital between January 2006 and December 2016. This is the national referral centre for P + A trauma in the Republic of Ireland. Patients were identified using the Hospital Inpatient Enquiry system. All patients with P + A trauma were included. Exclusion criteria were pelvic injuries secondary to non-traumatic causes. Patient demographics, mechanism of injury and details of injuries were recorded. The national online imaging system was utilised to examine all relevant patient imaging investigations. The primary objective was to report the mechanism, incidence and extent of GU injuries associated with P + A trauma and to interpret any relationship between type of P + A injury and resultant urological injury. The secondary objective was to evaluate adherence to guidelines for identification of GU injuries in P + A trauma.
Injuries Recorded
Orthopaedic Injuries
Details of the P + A injury were recorded, including fracture type according to the Young and Burgess classification [16] for pelvic fractures, and Letournel classification [17] for acetabular fractures (Appendix S1). Pelvic fractures were classified into lateral compression (LC) type 1 to 3, anterior posterior compression (APC) type 1 to 3 and vertical shear (VS). Acetabular fractures were classified into elementary and associated types. The P + A trauma was subdivided into four broad categories as outlined in Table 1 .
Urological Injuries
The recorded GU injuries were renal, ureteric, bladder, urethral and scrotal. The association between the type of P + A injury and GU injury was also evaluated. Urological injuries were graded according to the American Association for the Surgery of Trauma [18] classification system (Appendix S1).
Assessment of Pelvic and Acetabular Referral Patterns
Referrals for P + A were prospectively monitored in 2016 to investigate adherence to BOAST guidelines for initial investigation and management of urological injuries associated with P + A trauma [19] . Pelvic trauma referrals are received online through a standardized referral form detailing the patient's primary injury, secondary trauma, investigations and up-to-date management (Fig. 1) .
Statistical Analysis
SPSS version 24.0 (Armonk, NY, USA) and Excel were used for statistical analysis. Chi-squared contingency tables and odds ratios were used to analyse the relationship between type of P + A injury and GU injury.
Results
Patient Demographics
In total, 1 141 P + A fractures were referred during the 10-year study period. The incidence of urological trauma was 2.4% (n = 28/1 141). The median (range) patient age was 45 (19-85) years and the male to female ratio was 2.1:1. The mechanism of injuries included road traffic accidents (n = 15, 53%), fall from a height (n = 7, 25%), agricultural/industrial accidents (n = 4, 14%) and deliberate self-harm (n = 2, 11%). Urethral injuries occurred most frequently (n = 12, 43%), followed by bladder (n = 9, 32%), combined bladder and urethral (n = 3, 11%) and kidney (n = 4, 14%). No ureteric or scrotal injuries were associated with P + A trauma. The details of all GU injuries are given in Appendix S2.
Genitourinary Injuries
Urethral Injuries
All urethral injuries involved the posterior urethra (membranous and prostatic). There was one grade 5 urethral injury, five grade 4 ( Fig. 2 ), six grade 3 injuries and three grade 2 injuries (including the three combined bladder and urethral injuries). The grade 5 injury and two of the grade 4 injuries were combined with bladder injuries. All patients underwent retrograde urethrography for diagnostic and grading purposes. Immediate urethral repair was performed in one patient, two patients underwent delayed urethroplasty and five patients were diagnosed with urethral strictures of the membranous urethra. The immediate repair was performed in a patient with complete disruption of the bladder and prostate from the urethra at the apex of the prostate. Primary realignment was performed with a 20-F urethral catheter and the bladder was closed primarily. Five patients (grade 2, n = 2; grade 3, n = 3) were managed conservatively with urethral catheterization, nine required suprapubic catheterization. Of the five who developed urethral stricture disease, one was initially treated primarily, two were initially managed with urethral catheterization and the remainder were managed with suprapubic catheterization. One urethral stricture was definitively managed with direct vision internal urethrotomy and four patients underwent elective primary urethroplasty.
Bladder Injuries
Of the 12 bladder injuries (Figs 3 and 4), six were intraperitoneal bladder ruptures, and the remainder were extraperitoneal ruptures. All underwent fluoroscopic cystography for diagnostic purposes. All intraperitoneal ruptures required emergency repair of the urinary bladder. Surgical repair of the urinary bladder consisted of a twolayered closure technique, followed by an elective fluoroscopic cystogram after 14 days. In addition, two extraperitoneal ruptures required surgical repair: one resulting from a fracture fragment penetrating the bladder and the other from the development of an anterior bladder fistula.
Renal Injuries
Of the four renal injuries, one was grade 1, one was grade 2, one was grade 3 (Fig. 5) and one was grade 4. Renal injuries were diagnosed and graded with CT of the thorax, abdomen and pelvis. One patient underwent CT renal angiography to further evaluate the renal injury for a suspected segmental vessel laceration. All renal injuries settled with conservative management.
Pelvic and Acetabular Fractures Associated with Genitourinary Injuries
High-energy pelvic fractures (LC3, APC3 and VS) were the most common fracture pattern (55%; n = 16), followed by 
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Patient NamePatient DOB -MRN - © 2018 The Authors BJU International © 2018 BJU International 129 low-energy pelvic trauma (22.5%; n = 7). Acetabular fractures formed the remainder (23%, n = 8), with only 9% being isolated acetabular fractures (category 4, n = 4) and 9% consisting of combined P + A fractures (category 3, n = 4). The majority of the high-energy trauma occurred secondary to road traffic accidents (n = 10, 59%). Seven patients were managed conservatively: four had low-energy category 1 injuries, two had high-energy category 2 injuries and one had a category 3 injury. Two high-energy trauma patients were managed using external fixators while the remaining patients required open reduction and internal fixation of their injuries.
Association between Genitourinary Injuries and Pelvic and Acetabular Fractures
Of 15 urethral injuries, 13 occurred in patients with pelvic fractures and nine (60%) were in high-energy pelvic fractures. Bladder injuries most frequently occurred in highenergy pelvic fractures (8/12 patients), with 2 out of 12 occurring in low-energy pelvic fractures and 2 out of 11 in acetabular fractures. All three combined bladder and urethral injuries occurred in VS high-energy fractures. Renal injuries occurred with acetabular injuries both combined with pelvic fractures (n = 2) and in isolation (n = 2; chi-squared P = 0.01).
Pelvic Referral Assessment
In total, 175 pelvic fracture referrals were received in 2016. No referrals provided details of a GU examination in patients with P + A fracture in the secondary survey section of the referral form. When transurethral catheterization was performed there were no details on the type of catheter inserted, difficulty with insertion or whether there was visible haematuria. Nineteen patients had indications for urological investigations at presentation (visible haematuria, n = 5; at presentation; non-visible haematuria, n = 2; initial imaging suggestive of GU trauma, n = 12). In eight of these patients no further confirmatory imaging or investigations were performed.
Discussion
The incidence of GU trauma in P + A fractures is poorly described. In the UK, the BOAST guidelines report an incidence of urethral injury of 5% [4] . In the USA the incidence of urethral and intra-pelvic soft tissue injury is 16% [5] . Andrich et al. [8] retrospectively identified 27 urethral injuries (25%) in their cohort of 108 patients with pelvic ring fracture admitted to the pelvic reconstruction unit between 1995 and 2003. Johnsen et al. [3] found that 233 of 5 518 patients (4.2%) presenting to a Level I trauma centre with pelvic fracture between 2000 and 2014 had an associated lower urinary tract injury. They concluded that the contemporary incidence of pelvic fracture lower urinary tract injury was lower than the reported incidence and is more commonly associated with severe overall injuries, longer inpatient stays and higher rates of inpatient complications. Their registry recorded an additional 34 patients who had a lower urinary injury not associated with pelvic fractures [3] . In our patient cohort, the 10-year incidence rate of urethral injury was 1.4% and the overall incidence of GU injury in P + A trauma was 2.7%.
In theory, there is a higher risk of internal soft tissue injury with higher-energy trauma. The clinician attending to a patient in an emergency setting can estimate this based on the mechanism of injury and clinical findings. The Young and Burgess fracture classification system considers the direction and location of applied force on the pelvis [20] . This fracture pattern can indicate the anatomical pathway taken by fracture fragments to reach their destination after the initial displacement at the time of trauma. This may explain why unstable (LC3, APC3 and VS) type pelvic fractures (where the bones experience a greater degree of displacement) were more commonly associated with GU injuries. The present study shows that bladder and urethral injuries were more commonly associated with high-energy trauma; however, there was no significant correlation between urethral and bladder injuries with a particular type of P + A fracture. Furthermore, there was no significant relationship There was a significant correlation between acetabular fractures and both isolated renal injuries and renal injuries that were combined with pelvic fractures. Additional studies also reported that isolated acetabular fractures without pelvic ring injury were not commonly associated with bladder or urethral injuries, which is consistent with the present findings [3, 8] . In the present study, ≤25% of bladder injuries and no urethral injuries were associated with acetabular fractures. Johnsen et al. [3] reviewed 5 518 pelvic fractures over 14 years and found that isolated acetabular fractures were not associated with urethral injuries and were associated with bladder injuries in 2.6% of cases. Andrich et al. [8] reported on 46 patients with isolated acetabular fractures over 8 years, of whom four (9%) sustained a lower urinary tract injury; one (2%) had complete urethral disruption and three (7%) had a partial disruption. Only one female patient with an acetabular fracture sustained a bladder laceration.
Porter et al. [9] retrospectively reviewed their trauma database for the period 2000 to 2004 and identified an incidence of 6% for renal injuries among 323 acetabular fractures. In that study, retroperitoneal haematomas occurred in 24% of patients, and 8% had a bladder injury. Our hypothesis is that the higher incidence of renal trauma in acetabular injuries is attributable to direct trauma from fracture fragments or hydrodynamic forces. Combined acetabular and pelvic fractures are rare and account for 5-15% of pelvic fractures. Forces causing combined fractures are often lateral or external rotation type [21] . The excursion of bone fragments during trauma and the forces transferred may explain the increased incidence of renal injuries in this cohort.
Early recognition and management of GU injuries is costeffective and important for patient outcomes [22] . We found that pelvic fracture referrals were missing essential data regarding initial assessment of GU injuries and that 40% of patients who had possible indications for additional urological imaging did not receive it. Similarly, Ziran et al. [23] reported that 23% of bladder and urethral injuries associated with pelvic fractures were missed at initial evaluation in their retrospective series of 635 patients with pelvic fracture. In addition, in patients who receive urological imaging, inadequacy in the technique of basic diagnostic test such as cystourethrograms for lower urinary tract was reported.
In a study of 90 patients with pelvic fractures [24] , GU injury was missed in 7.8% patients because of the absence of diagnostic imaging. In addition, a further 35% of patients undergoing fluoroscopic imaging did not have an adequately filled urinary bladder and an oblique view was included in only 25% of cystograms performed. It appears that systematic, dedicated and evidence-based evaluation is lacking; the investigation and diagnosis of GU injuries in P + A trauma is inadequate. This could result in a worryingly low falsenegative rate for GU injuries in P + A trauma.
Limitations of the present study include its retrospective nature and the absence of intermediate-and long-term follow-up of patients who were treated for GU injuries caused by P + A trauma.
In conclusion, the incidence of GU injuries in the present study was 2.7%. GU injuries in P + A trauma may be underdiagnosed because of inadequate evaluation and diagnostic investigations in these patients. Bladder and urethral injuries are commonly associated with high-energy pelvic trauma. Renal injuries are significantly associated with acetabular fractures in isolation and in combination with pelvic trauma. We advocate guideline-based evaluation of GU injuries in P + A trauma to avoid the significant long-term morbidities that are associated with misdiagnosis.
